In this paper we consider a DBI Galileon (DBIG) inflationary model where interesting solutions arise when we constrain its parameter space using Planck 2015 and BICEP2/Keck array and Planck (BKP) joint analysis. In particular, we perform a potential independent analysis by only using the background equations. We focus our attention on inflationary solutions characterized by a warp factor and a constant and varying speed of sound. Phenomenologically, we impose bounds on stringy aspects of the model such as warp factor f and induced gravity parameterm using the current CMB bounds on spectral index ns and tensor to scalar ratio r. In all the cases, we consider the speed of sound restricted to the interval cD 1 in order to avoid large non-Gaussianities. Also, we compute quantities as the energy scale of inflation, mass of the inflaton and how these can change with different warped geometries. In this scenario we find inflation happens at GUT scale with tensor to scalar ratio as low as O 10 −3 . In the case with constant speed of sound and warp factor we find that inflation is driven by a tachyon field, where as in the case with constantly varying warp factor inflaton is a non-canonical scalar field with mass scales mϕ ∼ 10 7 Tev. In addition, we study the allowed range of tensor tilt which varies independently. Finally, we test the standard inflationary consistency relation (r −8nt) against the latest bounds on tensor tilt from the combined results of BKP+Laser Interferometer Gravitational-Waves Observatory (LIGO), finding that DBIG inflation parameter space is consistent with latest bonds on (ns, r) and do not predict a blue tilt for the tensor power spectrum.
I. INTRODUCTION
After the recent results from Planck [1] [2] [3] and joint analysis of BICEP2/Keck Array and Planck (BKP) [4] , the inflationary paradigm, and in particular single-field inflation, seems to be the model chosen by nature to generate the observed adiabatic, nearly scale-invariant,Gaussian spectrum of curvature perturbations and the CMB B-mode polarization at degree angular scales. In particular, the Planck satellite, with its exceptional quality data [2] , constrains the tilt of the power spectrum of the curvature perturbation with n s = 0.968 ± 0.006, ruling out scale invariance at more than 5σ. Also, these released results indicates that we live in a spatially flat universe, Ω k = −0.003 +0.012 −0.014 , and that the perturbation spectrum imprinted in the CMB is Gaussian to a high degree, imposing severe constraints on the bispectrum amplitudes: f = −26 ± 21 at the 68% confidence level. Furthermore, Planck data suggests a small running dn s /d ln k = −0.003 ± 0.007 (Planck+WP) [2] , which is consistent with the prediction from the single-field models of inflation [5] . Although, there is no significant detection of primordial tensor modes, the BKP analysis points to the tensor scalar ratio r to be O 10 −2 . The proposed postPlanck satellites CMBPol, COrE and LiteBIRD and many other ground based experiments such as Keck/BICEP3, etc. [6, 7] are expected to reach an enormous sensitivity of detecting B-modes and constrain r ∼ O 10 −3 . The statistical analysis of latest results from Planck and BKP suggest no findings of blue tilt of gravitational wave power spectra [2, 4] . This result has been supported using the joint analysis of BKP+Laser Interferometer GravitationalWaves Observatory (LIGO). According to new data, the simplest model with φ 2 potential has been ruled out, the data sets are well consistent with predictions of Starobinsky's R 2 inflation and non-minimal coupled models [2, 8] . In recent works these two models have been unified as cosmological attractor models [9] . With the new constraints on f eq N L , f ortho N L inflation with non-canonical kinetic term are also important with a considerable bounds on speed of sound c s , e.g Dirac-Born-Infeld (DBI) inflation is compatible with Planck data with c s ≥ 0.087 [1] . This situation strongly suggests that inflation is a high energy phenomenon and it should therefore be described by an Effective Field Theory (EFT). Its not very important which particular model of inflation is viable with CMB data, whereas it is highly essential for us to obtain consistent inflationary mechanism from UV-completion theories such as String Theory, Supergravity (SUGRA) etc. Realizing inflation in String Theory and SUGRA has been a central concern of present day inflationary cosmology [10] [11] [12] [13] [14] .
This paper present an attempt to obtain an observationally consistent inflationary scenario within two tantalizing sectors of inflationary cosmology, i.e with features of Modified Gravity and String Theory. We focus on a particular class of string inflation constituting a generic extension of the DBI inflation [15, 16] . Briefly, the idea behind this starts with a DBI action to describe the motion of a brane in the bulk [17] [18] [19] [20] [21] . A peculiar feature of the DBI action is that it involves a non-linear function of the inflaton kinetic term, which leads to the generation of a potentially measurable non-Gaussian signal in the inflaton's perturbation spectrum. This is due to the small speed of sound c s , which can fix a potentially smaller tensor scalar ratio, but this gives rise to very large non-Gaussianities. The stringent bounds on non-Gaussianity by Planck satellite restricts DBI inflation [1, 11, 21] . Due to its potential as a result in a significant non-Gaussian signal, DBI inflation has been extensively studied in the literature [15, 16, [22] [23] [24] [25] [26] . However, in this work we will focus on a well-motivated extension of DBI inflation: the so-called DBI Galileon (DBIG) [27] [28] [29] . This model is more general in the sense that it involves D-brane moving in warped throat and additionally an induced gravity which arises due to warped geometry. DBIG inflation has been considered in the literature [30] [31] [32] [33] [34] [35] [36] . Ref. [35] has provided forecasts on the theoretical parameters of the DBI Galileon model with respect to current and future cosmological datasets [37] . Aside from the potential to generate large non-Gaussianity, one of the most interesting feature of the DBI Galileon is that it manages to avoid phantom-like instabilities [36] . Nevertheless, the analysis in [36] is valid only when one is restricted to the slow-roll regime, i.e. when c D 2 1, and in specific cases for the relativistic or DBI regime, when c D 2 1 [33] . Along these lines we study the parameter space of the DBI Galileon inflation in the cases with a warp factor and a constant and varying speed of sound. We confront the model with respect to the constraints on spectral index and tensor-scalar ratio (n s , r) from Planck 2015. We mainly focused on obtaining tensor scalar ratio to be very small, where we emphasized on the speed of c D 1 so that large non-Gaussianities would do not spoil the scenario like in DBI model. We also compute the energy scale of inflation and mass of inflaton and how they can change with different warped geometries.
The outline of the paper is as follows: In Sec. II we briefly describe the model and present the background equations for single-field DBI Galileon inflation with non-trivial warping [33] . Then we start with the simple case in treating both speed of sound and warp factor as constants. In this case the background equations can be straightforward integrated. We obtain solutions for the scale factor a (t) and the Hubble parameter H(t) as function of cosmic time t. We qualitatively study the behaviour of a (t) and H(t) by classifying them into singular and non-singular solutions. Then identify the non-singular solutions and analyze if they can support an inflationary phase. Afterwards, we study the general case with varying speed of sound and a warp factor where the background equations are quite complicated to compute, but for treat them we propose two possible parameterizations from which we can obtain different solutions for our cosmological parameters. We divide our study in singular and non-singular solutions and compare them qualitatively. In this case we look for smooth behaviours of the scale factor where inflation can happen. In Sec. III we present a generalized treatment to compute scalar and tensor power spectrum and apply them to our DBIG model. In Sec. IV we find the best fit parameter space of DBIG inflation using current CMB constraints in various limits of the model. In particular, we first study the cases with constant speed of sound and warp factor using the scale factor solutions obtained in Sec. II A. Afterwards, we study the cases with varying speed of sound and warp factor. In these cases we perform the observational analysis independent of the parameterizations proposed in the Sec. II B. We distinguish each case with warped geometries, scale of inflation and nature of inflaton. We mainly explore the consequences of the case with varying warp factor and its capability to obtain r ∼ O 10 −3 . At the end, will establish a relation between inflation in this case and one of the parameterizations defined in Sec. II B. In addition we predict tensor tilt deviated from standard consistency relation (r −8n t ) in various possible scenarios of DBI Galileon inflation. In Sec. V we draw overall conclusions attributing to the potentiality of the model. In the appendices A and B we provide some mathematical preliminaries on hypergeometric functions and calculations related to scalar and tensor power spectra.
II. DBI GALILEON MODEL AND BACKGROUND SOLUTIONS
In this section we summarize the ideas around the DBI Galileon model and background equations by following Ref. [33, 38] . Using the background equations derived a continuation we perform the phenomenology of the model.
We consider a D3-brane with tension T 3 evolving in a 10-dimensional geometry described by the following metric
with coordinates Y A = x µ , y I and where µ = 0, . . . 3 and I = 1, . . . , 6. The induced metric on the 3-brane is given by
Here the brane is embedded in higher dimensions by the functions Y A (b) (x µ ) with the x µ being the space time coordinates on the brane. In brane inflation the role of inflaton is played by the radial coordinate ρ which is moving in extra dimensions. Since we are considering single-field inflation let us choose the brane embedding as Y
). Being so, the induced metric can be written as
From now on f and ϕ are treated as warp factor and scalar field, respectively after the following escaling:
D3-brane is embedded in 5D geometry with the induced metric Eq.(3). This introduces an additional contribution in the action known as Galileon term [39] .
The general action is given by
where m p is the reduced Planck mass m p = 2.24 × 10 18 Gev andm is a parameter associated with the induced gravity 1 . The Lagrangian in this case is given by
1m non-trivially depends on the warping factor h. The details of this are discussed in [33] . From now on,m is treated as one of the model parameter.
where
. Assuming a flat Friedmann-Lemaître-Robertson-Walker (FLRW) cosmology described by the metric
we can compute the modified Friedmann equations for the action (5)
where κ = 0 is an arbitrary constant with dimensions
Consider H =ȧ/a we obtain the solution to the above equation where we have introduced the following definitions:
The explicit time-dependence of the Hubble parameter can be obtained from Eq. (15)
To analyze an inflation stage we need to set σ 2 = sign(ȧ) = +1 whereas σ 1 = sign(Ḣ). A growing expansion rate is obtained for:
, which corresponds to a singular behaviour of the scale factor and the Hubble parameter at t →t as it show in Figure 1 . On the contrary, when a decreasing expansion rate corresponds to
, both a(t) and H(t) remain finite throughout the entire evolution.
For a more detail study in Sec. IV A we impose the necessary constrains to obtain an inflationary expansion in agreement with current observations. In order to pursue this aim, in the next section we will present the scalar and tensor perturbation spectra, which depend on the slow-roll parameters and η. These parameters can be easily compute by using Eqs. (11)- (17) and are given by
Also, using the identity coth 2 (z) = 1 + csch 2 (z) we can obtain the relation η = 2( + λ 1 ).
B. Varying sound speed and warp factor
Let us consider the sound speed c D and warp factor f as varying quantities, where D = 0 , f = 0 and the functions λ 1,2 become time-dependent. Being so, Eq. (13) can be rewritten as
In what follows, we attempt two different parameterizations of λ 1,2 (t) to find approximate solutions for a(t).
• Parameterization (1).
The simplest strategy to integrate Eq. (20) is to rewrite λ 1,2 as functions of H. Thus, we consider a temporal dependence for λ i of the form
Using this ansatz, Eq. (20) can be integrated to obtain 2 F 1 1, 1 + β; 2 + β;
where 2 F 1 is the hypergeometric function and κ is an arbitrary constant. Note that in the limit α 1,2 → 0, we can use the identity 2 F 1 (1, 1; 2; z) z = − ln |1 − z| to obtain Eq. (14) . Given the complexity of this solution, is not so practical to consider H =ȧ/a and solve for a(t). Although, we could try to solve the resulting equation numerically. Nevertheless, if |β| < 1 an excellent approximation to the evolution equation is given by (see Appendix A for details)
For α 2 O(1), the condition |β| 1 implies |α 1 | 1. As long as H does not change exponentially, which can be certainly applied to the regular solution plotted in Figure 1 , where we can approximate λ 1 as a constant since λ 1 λ 1 (1 + α 1 ln(H/H * ) + . . .). This argument can be applied to the singular solution whenever it finds itself sufficiently away from the singularity at t =t. Using Eq. (13) we rewrite Eq. (23) as
which can be integrated to obtain the scale factor a(t) in terms of hypergeometric functions. The implicit function (for simplicity we present the solution for κ = 1 and vanishing α 1 ) which defines the scale factor is given bȳ
From Eq. (24) we easily recover the background solution with constant sound speed and warp factor in the limit α 1,2 → 0. An important aspect of Eq. (24) is that requires |α 1 | to be small only whereas |α 2 | can be relatively large, thus allowing a significant evolution of λ 2 during inflation. If we consider c D const. for consistency with the smallness of α 1 , then from Eq. (12) we observe the evolution of λ 2 is to be attributed to the warp factor f . The background Eqs. (8)- (9) demands the constancy of the warp factor, which certainly requires values of |α 2 | relatively small. Following this trend, below we study the behaviour of the solution at hand for different values of α 2 . From Eq. (24), we consider three cases consistent with H 2 > 0:
This scenario is illustrated in left panel of Figure 2 , where for α 2 < 2 we have a singular solution when t →t . Any other solution with α 2 > 2 is regular at t =t.
-Case 2:λ 1 > 0 andḢ < 0. This regime takes place provided (|κ|a) A < 1. A thorough numerical study of this scenario shows that only for limited range of values of α 2 the integration of Eq. (24) yields a well behaved physical solution for the scale factor. In the center panel of Figure 2 we present some solution in the interval 3.5 < α 2 < 5. In this situation the constant A is negative and consequently the scale factor is allowed to take values larger than 1, thus implying that (|κ|a)
A < 1.
-Case 3:λ 1 < 0 andḢ < 0. The constraint now is (|κ|a) A > 1. This case, which can be appreciated qualitatively in the right panel of Figure 2 , displays smooth solutions for α 2 > 2. Moreover, for large values of the parameter α 2 , the scale factor follows approximately a power law a (t) ∼ (t −t) 1/|λ1| . 
Evolution of the scale factor a(t) according to Eq. (24) . From left to right panel it is showed the three cases outlined for the solutions of a(t) using the parameterization (1), respectively. For simplicity we consider here κ = 1.
• Parameterization (2).
Another simple alternative to solve Eq. (13) with time-dependent λ 1,2 is to parameterize their dependence as
In this case, after defining the variables
we can find the exact solution for Eq. (13) (see Appendix A)
where Γ(s, x) is the incomplete Gamma function [40] . In the limit α 1,2 → 0 we recover the known limit in Eq. (14) . If x 1, then we can use the asymptotic formula Γ(s, x) ≈ x s−1 e −x in Eq.(28) to obtain
If we focus in the background evolution while cosmological scales are exiting the horizon then y 9 and yα 1 1 under the condition |α 1 | 1. Neglecting higher orders in yα 1 we obtain
This latter can be integrated to obtain a(t) in terms of hypergeometric functions and also gives Eq. (14) in the limit α 1,2 → 0. In this parametrization the implicit function (again, and for simplicity, we present the solution for κ = 1 and vanishing α 1 ) which defines the scale factor is given by
Furthermore, similarly to Eq. (24), |α 2 | is allowed to take relatively large values in Eq. (30) . In this sense, it is worth of notice that if α 2 is significant and negative, the solution to Eq. (30) when a → 0 greatly differs from the behaviour at constant λ 1,2 . However, and as it was previously discussed, the consistency of the computation forces us to consider values of α 2 compatible with a roughly constant warp factor. In the following we study the numerical solution of Eq. (30) for different values of α 2 . In this scenario, the integration of Eq. (24) gives the complicate implicit function (31) of the scale factor. This solution is allowed to consider any value under the condition α 2 = 2λ 1 * . In Figure 3 we present some solutions with positive and negative values of α 2 . One particular feature of this parameterization, after studying a wide range of values for α 2 , is that a(t) goes asymptotically to infinity for a finite value of t. It seems reasonable to conclude that the solutions obtained through the parameterization (1) (either whenλ 1 > 0 andḢ < 0 or λ 1 < 0 andḢ < 0) provide a more appropriate qualitative evolution for the scale factor than those obtained with the parameterization (2).
III. PERTURBATION SPECTRA
In this section we review a general treatment to calculate the scalar and tensor power spectrum.
A. Scalar spectrum
Let us consider the second order action for scalar perturbations given by [33, 41] ,
where ζ is the curvature perturbation, τ is the conformal time, F s , G s are arbitrary functions of time and
is the sound speed for scalar perturbations. For DBIG model [33] , the functions F s and G s that determine the second order action for scalar perturbations are
In addition to the slow-roll parameters defined in Eq. (11), we introduce the following quantities:
s ≡
Also, using the definition of c s we have
where the last expression follows after comparing Eq. (32) with the corresponding action in [42, 43] and identifying
Although the procedure to obtain the perturbation spectrum is well known, for the sake of completeness we included in Appendix B a detailed computation to obtain the following quantities [41] 
The spectral index n s is given by
B. Tensor spectrum
The second order action for tensor perturbations can be written as [41]
where F t and G t are functions of time and c t ≡ (F t /G t ) 1/2 is the sound speed for tensor perturbations. In DBIG model the second order action is determined by the functions
Similarly to Eq. (34), we consider now the slow-roll parameters
and using the definition of c t we obtain
Taking as an example our calculations over the scalar perturbations, it is easy to show now that tensor spectrum is given by (see Appendix B)
where the tensor tilt n t is
Finally, in order to constraint the model parameters with observations, we obtain the predicted tensor-to-scalar ratio
3 νs can be read from Eq.(B5) in Appendix B 4 νt can be read from Appendix B
IV. ANALYSIS WITH OBSERVATIONAL DATA
In this section we are going to study the parameter space of DBI Galileon inflation with Planck constraints on the quantities (n s , r). We describe the model parameter space based in the parameters (c D ,m, f ). In addition if we assume varying speed of sound and varying warp factor we have the additional free parameters ( D , η D ) and ( f , η f ). In all the cases we noticed that the predictions of (n s , r) do not explicitly depends on the warp factor. For each case of study we basically impose two conditions:
1. Number of e-foldings N e = 60 and the slow roll parameter = 1 at the end of inflation.
2. The observed power spectrum P ζ * 2.2 × 10 −9 at pivot scale k * = 0.002Mpc
The first condition is helpful to fix the integration constants arising by integrating the background Eq. (13) . The second condition is useful to determine the warp factor f . After we find the best fit range of model parameters using observational constraints on (n s , r) we will calculate the energy scale of inflation (Λ) and mass of inflaton m ϕ as follows. Let us rewriting the potential term from the background Eq. (8) as
We obtain energy scale of inflation given by
Where the subindex * indicates the cosmological scales exit the horizon. We also obtain the mass of inflaton (m ϕ ) which is the square root of second derivative of the potential,
Using Eq.(10) we can obtainφ
In addition we also set the range of tensor tilt n t from Eq.(43) to confront the model against BKP and BKP+LIGO constraints on tensor tilt [2, 44] . Here is important to notice that we used the full expression for the tensor tilt Eq.(43), i.e not an approximated expression under first order in slow-roll Eq.(B11). Therefore, any violation we find from standard consistency relation (r −8n t ) can be attributed to the signature of the model.
In the following subsections we explore DBI Galileon inflation in various limits.
A. Constant speed of sound and warp factor
In this case we examine the parameter space of DBIG inflation with D = 0 and f = 0 in three different limits. For this we use the solutions derived in Sec. II A. Here, our interest in a inflation stage is only with the decreasing expansion rate σ 1 = −1 for which we have non-singular behaviour for the scale factor.
Firstly, the number of e-foldings during inflation can be computed with
where t * is the time when cosmological scales cross outside the horizon and t e indicates the end of inflation. To compute t e we use the condition = 1 at the end of inflation, namely (see Eq. (18))
which fixes t e − t in terms of the model parameters. Using Eqs. (17)- (49) we obtain
From the latter we can calculate all the required quantities such as Hubble parameter H and slow-roll at horizon exit using Eqs. (17)- (19) . Now we write the corresponding simplified expression for H 2 at sound horizon exit,
From Eq.(36) and the observed power spectrum P ζ * 2.2 × 10 −9 at pivot scale k * = 0.002 Mpc −1 we can obtain
Comparing Eqs. (52)- (53) we can calculate the warp factor in terms of the parameters (c D ,m),
Using Eqs. (51)- (54) we can derive the spectral index n s and tensor scalar ratio r in terms of model parameters from the Eqs.(37)-(44).
The DBI limit (m → 0)
The idea in here is to present a detail revision of the constraints on the parameter space of DBI inflation with respect to the latest CMB data. Is important to mention that the phenomenology of DBI inflation has been already done in recent literature [45, 46] using a particular form of the potential, which in comparison to our analysis we are not assuming any potential here.
Allow us to set the parameter space for this case in a two dimensional form (c D , f ). Eq.(13) for this case becomes,
The non-Gaussianity bound determined in [15, 16] for DBI models is given by
Notwithstanding, more accurate expressions exist in the literature [30] [31] [32] [33] [34] [35] [36] , but for our purposes it suffices to consider the simple estimate in Eq. (56) . The use of this simple expression is appropriate since in the absence of a clear detection of non-Gaussianity the use of more elaborate or complicated expressions is, in principle, uncalled for. Therefore, in this paper we will not be concerned with non-Gaussian calculations and will use the above expression to constrain the sound speed c D . The analysis of Planck data over r < 0.12 and f eq N L = −4 ± 43 allows to set a conservative bound for this 0.087 ≤ c D ≤ 0.6 [1, 2] . In Figure 4 it is showed the viability of DBI model independently of the choice of potential. Due to the stringent bounds on non-Gaussianity f eq N L , DBI inflation is not capable to give r < 0.01 which is consistent with previous studies [21, 47] . We find that for 
The inflationary predictions in DBI limit are detailed in Figure 4 .
The Galileon limit (m mP )
Although, studying this limit is not general with respect to the structure of DBIG, it can set a useful understanding of the role of induced gravity. In this case, Eq.(13) becomes
To be consistent with current bounds on observables the values of c D ∼ 1, the scale of inflation, warp factor and mass of inflaton needs to be
It is important to notice that square of inflaton mass is negative. This means inflation is driven by a tachyon field. Inflationary predictions in Galileon limit are showed in Figure 5 . Galileon limit is marginally consistent with current Planck data for a number of efoldings N e = 60. 
Intermediate case
In this case we consider both Einstein and Galileon gravity on equal footing. Eq. (13) for this case becomes
In this scenario, quite similar to the Galileon limit, the speed of sound needs to be around c D 0.986 to fit with observations. The prediction of tensor scalar ratio r change with different values of induced gravity parameterm. This allowed us to identify a best fit range of the parameter, which is relevant with respect to current data. We also update the bounds on f eq N L in terms of the dimensionless parameter α = f H 2m2 /c 2 D . A complete study of non-Gaussianity within this allowed parameter space is beyond the lines of this paper and will be reported elsewhere.
The approximate expression for f eq N L is given by
5 In Ref. [33] the authors study non-Gaussianity in the case of multifield DBIG. However we adopt their expression for f eq N L in the single-field limit (i.e Taking the adiabatic and isocurvature mode transfer function Tσs → 0). From Figure 6 we can infer that increasing effects of induced gravity tends to lower tensor scalar ratio. From the allowed ranges of physical quantities listed in Eq.(62) we can identify that the nature of inflaton is purely tachyonic within the allowed range of parameter space.
B. Discussion I
We briefly summarize the results of DBIG inflation in the cases with constant speed of sound and warp factor and compare them with the cases of DBI limit and intermediate case, which are consistent with current observations and predict r ∼ O 10 −2 and inflation nearly happens at GUT scale. However, there are significant differences that needs to be noticed. On one hand, in the DBI limit scale of inflation is slightly lower than in the intermediate case. The latter case is driven by a tachyon field whereas in DBI limit it is a non-canonical scalar field. Tachyon driven inflation might resembles the discussion made in Ref. [48] where the authors study the possibility of Born-Infeld tachyon scenario which results equivalent to a scalar field in EFT in different warped geometries. Another discussion about this issue was presented in Ref. [49] where the possibility of a closed string tachyon can set the conditions for a inflation stage.
On the other hand, in Ref. [46] the observational constraints on tachyon and DBI inflation has been already studied and the authors show that tachyon inflation with cosmological data fits better than DBI model. Is over this idea that we consider the case of Galileon limit as it is only marginally consistent with Planck data. It is also important to notice that the tensor tilt is negative in all the cases which is statistically preferred by observational data by Planck and BKP joint analysis [2, 4] . In particular, in the intermediate case where n t ∈ [−0.07, −0.04], which is good within the bounds on tensor tilt n t = −0.76 +1.37 −0.52 at 68% CL from joint analysis of BKP+LIGO [44] . Even though there is not blue tilt in all the cases, where we have a clearly violation of standard single field consistency relation defined by r −8n t . We anticipate that future cosmology probes can distinguish inflationary models by direct detection of primordial B-modes [7] . In Figure 8 we described the status of consistency relation for DBIG inflation in the intermediate case studied in Sec. IV A 3 through the plot of ratio of tensor to scalar ratio to tensor tilt which significantly depends on the effect of induced gravity. 
C. Varying speed of sound and warp factor
We saw in Sec. II A that constant speed of sound and warp factor scenarios are well consistent with observational data. However, it is interesting and required to understand the cases with varying c D and f . Some questions can be addressed in these cases such as: Can we get a parameter space with r ∼ O 10 −3 ? What is the nature of inflaton? Can we avoid tachyon driven inflation which happened in intermediate case presented in the subsection IV A 3? How warped geometries and scale of inflation would change if (c D , f ) varying with time? Can the parameterizations (1) and (2) discussed in the Sec.II B be observationally relevant for inflation? and how significantly the inflationary consistency relation can be violated? In these cases we can use the parameterizations introduced in the subsection II B, but the observational analysis will become enormously complicated because of hypergeometric functions. To avoid the complexities, we start with relatively simple scenarios where we can do some reliable approximations. At the end of this section we relate our results to those parameterizations.
Constantly varying speed of sound (
To treatment this case we assume speed of sound is slowly and constantly varying 6 , i.e D = const. 1. Using the definition of slow-roll parameters Eq. (11) we can approximate the variation of c D in terms of the lapse function N = ln a(t) as
where c d is the initial speed of sound and it is related to the value at sound horizon exit via c D * = c d (1 + D N * ). In the following analysis we consider the time of horizon exit as N * 4.
Substituting Eq.(63) in Eq. (13) we can obtain the approximated expressions (defining (
Using the latter we rewrite the background Eq. (13) in N -time as,
Integrating Eq.(65) gives us H ≡ H(N ), which is also a quite complicated function involving imaginary error functions 7 [40] . Given H(N ) we can compute the slow roll parameter = −H /H. H(N ) also involves an integration constant C 1 which we can be fixed as a function of model parameters C 1 ≡ C 1 (c d , f,m, D ) and requiring = 1 at N = 60. With (N ) and H(N ) we can derive all the observables. Henceforth, the procedure is similar to the steps followed in the cases of constant speed of sound and warp factor. Also, in this case the observables (n s , r) do not depend on warp factor f . We first find the best fit range of parameter space for (c d ,m, D ) with respect to current bounds on (n s , r). Our main focus is on how observational predictions would depend on D . We find (c d ,m) = (0.981, 0.72m p ) and
We find decreasing speed of sound ( D < 0) is better fit with observational data. Which resembles the result of Ref. [42] where they show that in DBI inflation with decreasing speed of sound gives expanding universe in contrast to the increasing speed of sound. The observables in this case are not very different from cases with constant speed of sound and warp factor. As a matter of fact we find from extensive numerical study that it is difficult to achieve r ∼ O 10 −3 in this case and the nature of inflaton is again tachyonic. We can qualitatively confirm that DBIG inflation with varying speed of sound (and constant warp factor) does not bring any new features. In this case we assume warp factor is slowly and constantly varying 8 , i.e, f = constant 1. Using the definition of slow-roll parameters from Eq.(11), we can approximate the variation of f in terms of time N = ln a(t) as
where f 0 is the initial value warp factor and its related to the value at sound horizon exit via f * = f 0 (1 + f 0 N * ). Similar to the previous case we consider the time of horizon exit as N * 4. Substituting Eq.(63) in Eq. (13) can be approximated as (defining (
Notice that we neglected the O 2 f terms in Eq.(67). Using λ f 1 and λ f 2 from Eq.(64), the background Eq.(13) becomes
Resolving the latter for H we obtain
and C 2 is an integration constant which can be determined by requiring = 1 at N e = 60,
Following the similar steps as in Sec.II A, from observed power spectrum P ζ * 2.2 × 10 −9 at pivot scale k * = 0.002Mpc −1 and Eq.(70), we can determine the initial value of warp factor f 0 : We can observe from Figure 9 that tensor to scalar ratio in this case is O 10 −3 . It has been argued in Ref.
[50] that single-field DBI model with varying warp factor is incompatible to obtain r around this limit. This problem is healed in DBIG inflation with constantly varying warp factor. This scenario would be of crucial importance with respect to B-mode detection in future CMB experiments [7] . We also notice in Figure 10 that inflation is driven by a non-canonical scalar field.
In Sec.II B we have studied scale factor solutions using a couple of parameterizations. Now, allow us to relate those solutions for scale factor for the case with constantly varying warp factor. Since we haveλ f 1 > 0 (as f 1), this scenario corresponds to the caseḢ < 0 andλ 1 > 0 in parameterization (1) . Applying this parameterization, we havē
We notice from the center panel of Figure 2 that only smooth behaviors of scale factor for 3.5 < α 2 < 5 are allowed. Here it is possible to findλ 2 from Eq.(77) using Eqs.(68), (70) and (75). Being so, we can justify the scale factor a(t) solution as depicted in the center panel of Figure 2 . This also concludes that DBIG inflation does not needs to be power law in nature, where as in power law inflation is generic in DBI model as studied in Ref. [51] .
D. Discussion II
In this section we briefly distinguish inflationary scenarios with constant and varying (c D , f ). In the case with varying warp factor scenario presented in Sec.IV C 2, tensor to scalar ratio r is potentially lowered r ∼ 10 −3 in comparison with the intermediate case presented in Sec.IV A 3. The speed of sound in both cases are nearly the same, so we expect that non-Gaussianities will be similar within current bounds. The scale of inflation is slightly higher with the effects of varying warp factor. More importantly, in the case with varying warp factor, inflation is driven by a scalar field with mass m ϕ ∼ 10 7 Tev, which is exactly in contrast to the tachyon in the intermediate case. The scale of warp factor significantly differs in the three cases, but it might be important with respect to warped string phenomenology and also in understanding extra dimensions and warped geometries from string theory perspective [19, 23, 29, [52] [53] [54] . Warped geometries could play vital role in the production of cosmic strings in the brane inflationary scenarios [24, 55, 56] . Although, range of tensor tilt in the case of varying warp factor n t ∈ [−0.07, −0.02] does not greatly differs from the intermediate case (c.f. Figure 6 ). There is a significant difference in the violation of inflationary consistency relation as we can see in Figure 11 . Confronting single-field DBIG inflationary model with Planck+TT+low P+BKP+BAO and Planck TT,TE,EE+Low P constraints on spectral index ns versus tensor scalar ratio r at 95% CL (inside contour) and 68% CL (outside contour). The black dashed line corresponds to predictions of DBIG model with constant speed of sound and warp factor. And the black thick line corresponds to predictions of DBIG model with constant speed of sound and varying warp factor. We have considered number of efoldings during inflation Ne = 60.
V. CONCLUSIONS
In this work we consider a DBI Galileon (DBIG) inflationary model where it was possible to constrain its parameter space using Planck 2015 and BICEP2/Keck array and Planck (BKP) joint analysis. We presented three cases in where inflationary solutions are characterized by a warp factor and a constant and varying speed of sound, also we restricted those solutions to the interval c D 1 in order to avoid large non-Gaussianities. We computed quantities as the energy scale of inflation, mass of the inflaton and how these can change with different warped geometries. All these results are summarized in Table I . Finally we test the standard inflationary consistency relation (r −8n t ) against the current bounds on tensor tilt from the combined results of BKP+Laser Interferometer Gravitational-Waves Observatory (LIGO), finding that DBIG inflation parameter space is consistent with latest bonds on (n s , r) and do not predict a blue tilt for the tensor power spectrum as we can observe in Figure 12 .
Parametrization 2
Using the variables z and y defined in Eq. (27) , Eq. (13) becomes λ 1 * e yα1 e 2z − λ 2 * e yα2 − e 2z z (y) = 0 .
After multiplying by µ(y) = exp [−(2λ 1 * /α 1 )e yα1 ], the latter equation becomes an exact differential equation df = P (y, z) dy + Q(y, z) dz = 0 ,
where P (y, z) = µ(y) λ 1 * e yα1 e 2z − λ 2 * e yα2 and Q(y, z) = −µ(y) e 2z .
Integral curves are of the form: f (y, z) = κ, where κ is a constant. Integrating f with respect to y in the first place we have f (y, z) =ˆP (y, z) dy + g(z) ,
where g(z) is to be computed by demanding ∂ z f (y, z) = Q(y, z). After integrating and solving for g(z) we find that the integral curves f (y, z) = κ are determined by Eq. (28).
